Abstract
5
for acetate amendments into the subsurface to stimulate uranium bioreduction has been 85 extensively studied [14] [15] [16] [17] whereas microbiological and geochemical processes controlling selenium 86 mobility, thus toxicity at the site and others similar, are poorly understood.
87
Se occurs predominantly in four oxidation states (VI, IV, 
Materials and Methods

112
Additional materials and methods can be found in the Supporting Information. is located on a relatively low-lying alluvial terrace created by a floodplain meander of the 117 Colorado River and is described extensively elsewhere 14, 16 . The shallow, unconfined aquifer 118 consists of alluvial sands, silts, and gravels; details on the geochemistry and mineralogy can be 119 found in prior studies 15, 16 
180
Correlative cryogenic SHXM and TEM. A custom X-ray microprobe cryo-stage (-190 181 to +150 °C, ±0.1°C precision) was designed and built in collaboration with Instec Inc, to fit the 182 geometry of the beamline and allow cryo-transfer of flash-frozen samples (Figures 1 and S1 ).
183
The apparatus allows cryo-XRF/XAS measurements to be performed in fluorescence and/or the GHT and CLM77K, and connected to the mk1000 are used to continuously monitor (every inferred to play an important role in the nitrogen cycle, including nitrate respiration.
222
Comamonadaceae is the most abundant family ( Figure S3C ) and uncultivated members of the determined at these absorption edges and thus further analysis of these spectra was not pursued.
294
By contrast, most Se compounds can easily be classified by K-edge XANES, due to a 295 clear shift (2-3 eV) of the edge position ('white line') depending on Se oxidation state ( Figure   296 3 in the field data, as evidenced both in the valence plot (Figure 4 ) and fitting results (Table S3) . approach, but strongly relies on determining accurately the chemical speciation and distribution
403
of the bio-reduction products in order to be directly applicable to a diversity of anaerobic soil and 404 groundwater environments contaminated with selenium.
405
The community of Se oxyanions reducers detected here includes several genera 406 previously detected in Se-rich biofilms collected under similar conditions at the Rifle site 30 .
407
However, the distribution patterns and allotropic form of selenium found here are clearly Table S2 for the complete list).
Normalized XANES values at 12664.25 (IV dashed line) and 12667.8 eV (VI dashed line) were used to generate the Se valence state plot displayed in Figure 4 (see Supporting Information). Table S4 ) with Se-Se interatomic distance at 2.355 ± 0.003 Å for the biofilm CG02 and 2.339 ± 0.003 Å for the culture. Experimental spectra are shown in blue, the fits (performed in q space) in red and the residuals in green.
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